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I.  INTRODUCTION 


Recognizing  the  need  for  modernization  as  well  as  being  confronted  with 
decreasing  R&D  budgets,  the  Army  adopted  a  policy  of  procuring  construction- 
type  equipment  (CCE)  from  commercial  sources.  Q)*  The  purchase  of  standard 
“ off- the- she If"  equipment  has  been  practiced  for  the  last  decade.  Today  the 
majority  of  the  construction  equipment  and  selected  material  handling  equip¬ 
ment  (SMHE)  utilized  by  the  Army  is  of  the  commercial  or  modified  commercial 
type.  The  balance  is  procured  under  government-controlled  drawing  packages. 
Although  obvious  advantages  exist  for  this  policy,  certain  problems  require 
resolution  to  make  the  CCE  and  SMHE  program  successful.  These  CCE  and  SMHE 
items  utilize  hydraulic  systems  composed  of  various  commercial  components. 
The  fluids  used  in  these  hydraulic  systems  are  considered  as  components  of 
the  total  system  and  are  frequently  provided  under  commercial  proprietary 
fluid  specifications.  Using  the  various  manufacturer's  specifications  would 
obviously  lead  to  a  proliferation  of  proprietary  hydraulic  fluids  creating  a 
logistic  burden  to  the  supply  system.  However,  the  use  of  fluids  not 
authorized  by  the  equipment  manufacturers  could  lead  to  the  loss  of  equip¬ 
ment  warranty,  and  many  of  the  manufacturers  are  reluctant  to  permit  use  of 
other  than  specified  fluids  in  their  equipment. 

With  the  introduction  of  the  CCE  program,  John  Deere  and  Company  was  awarded 
a  contract  to  furnish  a  CCE  item  (front  loader /backhoe  tractor)  which  intro¬ 
duced  the  first  wet-brake  equipped  vehicle  into  the  Army  in  1975.  Since 
subsequent  contract  procurements  could  be  awarded  to  other  companies,  there 
was  great  concern  within  the  Army  as  to  potential  supply  problems  since  each 
of  these  companies  require  that  its  own  proprietary  hydraulic  fluid  be  used. 
Some  of  these  companies  indicated  that  MIL-L-2104C  combat/tactical  engine 
oils  would  not  perform  satisfactorily  in  their  equipment  systems.  With 
this  problem  in  mind,  MERADCOM  initiated  a  test  program  in  1975  to  establish 
the  performance  levels  of  fifteen  lubricants,  which  included  existing  mili¬ 
tary  specification  lubricants,  and  several  commercial  and  Government  stocked 


•Underscored  numbers  in  parentheses  refer  to  references  listed  at  the  end  of 
report. 
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hydraulic  and  power  transmission  fluids  In  relation  to  the  John  Deere  JDM- 
J20A  factory  and  service  fill  specification.  Only  one  of  the  lubricants,  a 
MIL-L-2104C  Grade  10W  passed  the  JDM-J20A  specification  and  was  field 
tested. (2)  From  this  work  and  from  previous  experience,  the  only  way  to 
differentiate  between  acceptable  and  unacceptable  components  has  been  exten¬ 
sive  testing  of  the  equipment.  This  problem  has  existed  because  no  stand¬ 
ardized  requirements  and  test  methods  have  been  available  to  component 
manufacturers  or  users.  Therefore,  this  project  was  Initiated  in  April  1980 
as  an  important  element  in  MERADCOM's  overall  Military  Adapation  of  Commer¬ 
cial  Items  (MAC1)  Hydraulic  Systems  and  Component  Program. 


II.  OBJECTIVE 

The  specific  objective  of  this  MACI  program  is  to  perform  technical  evalua¬ 
tion  and  assessment  of  selected  military  specification  oils  and  to  determine 
if  such  oils  can  be  used  as  hydraulic  fluids  in  Army  Commercial  Construction 
equipment  and  selected  material  handling  equipment. 


III.  INITIAL  WORK  PHASE  SUMMARY 


Nine  military  specification  lubricants  which  included:  six  oils  qualified 
under  MIL-L-2104C,  Grade  10W  and  Grade  30;  two  available  multiviscosity 
lubricants  satisfying  MIL-L-2104C  engine  lubricant  requirements,  and  one  oil 
qualified  under  MIL-L-46167,  were  evaluated  using  ten  selected  tests  re¬ 
quired  by  various  equipment  manufacturers. (3) 

From  these  data,  most  test  lubricants  were  considered  borderline  to  excel¬ 
lent.  The  MIL-L-46167  oil,  equivalent  to  Grade  0W-20,  was  considered  unac¬ 
ceptable  because  the  product  failed  to  meet  the  pump  wear  and  frictional 
requirements.  The  borderline  areas  of  the  lubricants  appeared  in  frictional 
characteristics,  slower  hydraulic  system  response  times,  and  more  wet  brake 
chatter,  none  of  which  was  considered  excessive  to  the  point  of  substan¬ 
tially  hindering  operation.  Two  lubricants,  a  MIL-L-2104C  Grade  10W  oil  and 
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Grade  30  had  excellent  results.  The  Grade  10W  lubricant  Is  also  the  lubri¬ 
cant  which  passed  all  the  John  Deere  JDM-J20A  specification  requirements  in 
an  earlier  program,  (2^)  and  was  undergoing  field  evaluation. 

Also,  three  lists  were  prepared  to  help  in  future  work.  One  list  contained 
all  the  available  fluid  specification  requirements  for  the  suppliers  of 
hydraulic/power  transmission  systems,  the  second  list  contained  all  the 
present  and  planned  CCE/SMHE  in  the  Army  inventory,  and  the  third  list  in¬ 
cluded  the  manufacturers  of  the  hydraulic/power  transmission  components  and 
drives  used  in  each  type  of  equipment. 


IV.  TEST  DETAILS 


A.  Test  Lubricants 

Numerous  lubricants,  available  in  the  Military  supply  system,  were  se  '  ^d 
for  evaluation.  The  lubricants  were  products  approved  under  specifications 
MIL-H-46001C  (4),  MIL-L-21260C  (5),  MIL-L-2104C  (6),  MIL-L-46167  (_7),  and 
MIL-L-46152B  (8).  Various  rationales  were  used  in  selecting  these  specifi¬ 
cation  products.  MIL-H-46001C  oils  possess  exceptional  antiwear  character¬ 
istics  In  machine  tools  hydraulic  applications.  Since  this  specification 
has  no  provision  for  frictional  tests,  it  would  be  advantageous  to  know  the 
friction  characteristics  of  these  lubricants.  MIL-L-21260C  lubricants  are 
employed  extensively  as  a  preservative  compound  usable  until  the  initial 
scheduled  oil  change.  Since  they  are  currently  used  in  power  shift  trans¬ 
mission  applications,  these  products  should  be  considered  as  candidates  for 
construction  and  material-handling  equipment.  The  MIL-L-2104C,  Grade  10W, 
oil  is  a  new  qualified  product  designated  as  a  reference  lubricant  for 
proving  ground  and  equipment  acceptance  testing.  This  oil  replaces  the  pre¬ 
vious  reference  product  which  has  been  tested  in  the  initial  phase  of  this 
program.  A  MIL-L-46167  lubricant  had  also  been  evaluated  during  the  initial 
phase  of  this  program.  The  specific  product  selected  for  this  testing  had  a 
different  formulation  than  the  oil  previously  used.  It  should  be  noted  that 
operation  in  very  low  temperature  regions  would  necessitate  the  use  of 
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MIL-L-46167  lubricant.  It  was  planned  to  evaluate  MIL-L-2104D,  Grade  15W-40 
products.  Since  the  D  revision  had  not  been  issued  prior  to  the  start  of 
testing,  five  Grade  15W-40  MIL-L-46152B  oils,  which  were  potential  candi¬ 
dates  for  qualification  under  the  proposed  MIL-L-2104D  specification,  were 
randomly  selected  from  the  available  MIL-L-46152B  products.  It  is  expected 
that  Grade  15W-40  oils  will  extensively  replace  the  current  Grade  10W  and 
30W  products  used  in  Military  equipment. 

Each  of  the  test  lubricants  was  assigned  a  numerical  code  for  use  in  this 
program.  Table  1  summarizes  the  assigned  code  designation  along  with  the 
specification  and  grade  of  each  product.  Eight  lubricants  were  extensively 
evaluated.  Four  lubricants — 8,  9,  11,  and  19 — were  submitted  only  to  the 
screening  procedure,  the  TO-2  test.  Lubricant  20  was  previously  tested 
under  another  program,  but  it  is  included  here  to  show  the  satisfactory 
friction  and  antiwear  properties  of  all  15W-40  lubricants. 


No. 

TABLE 

Grade 

1 .  TEST  LUBRICANTS 

Specification 

EVALUATED 

Description 

8 

30* 

MIL-L-2104C 

Army  Fielded  Oil 

9 

30* 

MIL-L-2104C 

Army  Fielded  Oil 

10 

Grade  3 

MIL-H-46001C 

Army  Fielded  Oil 

11 

10 

MIL-L-21260C 

Army  Fielded  oil 

12 

10W 

MIL-L-2104C 

Array  Fielded  Oil 

13 

ARCTIC** 

MIL-L-46167A 

Army  Fielded  Oil 

14 

15W-40 

MIL-L-46152B 

Army  Fielded  Oil 

15 

15W-40 

MIL-L-46152B 

Army  Fielded  Oil 

16 

15W-40 

MIL-L-46152B 

Army  Fielded  Oil 

17 

15W-40 

MIL-L-46152B 

Army  Fielded  Oil 

18 

15W-40 

MIL-L-46152B 

Army  Fielded  Oil 

19 

15W-40 

MIL-L-46152B 

Army  Fielded  Oil 

20 

15W-40 

MIL-L-46152B 

Army  Fielded  Oil 

*  Lubricants  8  and  9  were  TO-2  test  reruns  from  previous  work. 
**Equivalent  to  Grade  0W-20 


The  specification  lubricants  were  subjected  to  twelve  selected  test  require¬ 
ments  discussed  in  the  following  section. 
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Criteria  for  the  Selection  of  Test  Procedures 


At  the  present  time,  there  is  no  single  common  specification  for  hydraulic 
and  power  transmission  fluids.  The  manufacturers  of  commercial  construction 
and  material-handling  equipment  issue  their  own  proprietary  specifications 
for  hydraulic  and  power  transmission  fluids.  An  ASTM  panel  is  working  to¬ 
wards  development  of  a  uniform  specification  for  multipurpose  power  trans¬ 
mission  fluids.  To  aid  in  selection  of  the  test  procedures  performed  in  the 
program,  a  listing  was  made,  during  the  first  phase,  of  the  various  manu¬ 
facturer's  requirements  for  hydraulic  and  power  transmission  fluids. (3) 
This  report  also  included  the  specification  requirements  proposed  by  the 
ASTM  Panel.  From  these  data,  twelve  tests  were  selected  which  were  deter¬ 
mined  to  be  best  suited  to  this  program. (2,3_)  These  tests  are  shown  in 
Table  2. 


TABLE  2.  LUBRICANT  PERFORMANCE  TESTS 
Test  _ Description _ 

A.  Wet-clutch  Friction  Retention  (Caterpillar,  TO-2) 

B.  Wet-clutch  Friction  Retention  [Detroit  Diesel  Allison  (DDA) ,  C-3] 

C.  Pump  Anti-Wear  Properties  (DDA,  C-3) 

D.  Seal  Compatibility  (DDA,  C-3) 

E.  Vickers  Vane  Pump  Wear  (ASTM  D  2882) 

F.  Dynamic  Corrosion  (Sundstrand  Axial  piston  pump  water 
Contamination,  JDM-J21A  Tentative) 

G.  Wet-Brake  Chatter  (Massey-Ferguson  1135  In-Vehicle) 

H.  Water  Tolerance  (John  Deere  JDM-J20A  4.6) 

I.  Wet-Brake  Chatter  and  Hydraulic  Performance  (AFLRL) 

J.  Copper  Corrosion  (ASTM  D  130  MODIFIED) 

K.  Sonic  Shear  Stability  Viscosity  (ASTM  D  2603  MODIFIED) 

L.  Fluoroelastomer  Compatibility  (Caterpillar,  T0-3) 


Test  I  is  the  test  which  AFLRL  developed  in  conjunction  with  John  Deere  per¬ 
sonnel  and  is  used  to  evaluate  wet-brake/fluid  performance  in  Army  field 
tractors. (.2)  In  previous  testing  (2^_3*.£)»  the  frictional  retention  charac¬ 
teristics  appeared  to  be  the  most  critical  of  the  selected  HPTF  system- 
evaluation  tests.  Therefore,  the  Caterpillar  TO-2  Wet-clutch  Friction 
Retention  test  was  selected  as  the  screening  test  for  the  various  lubri¬ 
cants.  The  products  which  fail  this  test  were  eliminated  from  further 


SPEC08.A 


9 


testing.  The  details  of  the  twelve  tests  are  discussed  in  the  following 
sections. 


V.  DISCUSSION  Ot  kESULTS 

The  TO-2  testing  began  with  two  MIL-L-2104C  Grade  30  lubricants  8  and  9  (3) 
to  complete  the  first  phase  series  of  evaluations  and  then  in  numerical 
sequence  10  through  19.  Additional  or  duplicate  tests  were  performed  on 
lubricants  13  and  16. 

A  summary  of  the  overall  performance  of  all  of  these  tests  can  be  seen  in 
Table  3,  and  the  data  from  the  results  of  these  tests  are  shown  in  a  subse¬ 
quent  table  in  Appendix  A. 

A.  Wet-Clutch  Friction  Retention  (Caterpillar  Tractor  Co.,  TO-2) 

This  test  makes  use  of  the  SAE  No.  2  Friction  Test  Device  which  has  the 
clutch  plates  totally  submerged  in  the  test  fluid.  The  device  Is  found  in 
most  petroleum  research  and  development  laboratories,  as  well  as  independent 
testing  laboratories.  The  standard  SAE  No.  2  Friction-Test  Device  is  modi¬ 
fied  (10)  to  provide  oil  flow  through  the  clutch  pack  to  an  external  oil 
reservoir  and  oil  cooler.  Also,  the  clutch  pack  lock-up  time  was  controlled 
to  1.8  seconds.  Bronze-on-steel  friction  materials  were  used  because  most 
Caterpillar-built  power  transmissions  use  these  materials.  The  results  com¬ 
pare  very  favorably  with  the  full-scale  Caterpillar  power  shift  transmis¬ 
sion.  The  test  criteria  for  a  satisfactory  TO-2  Friction  Retention  Perform¬ 
ance  are: 

•  Maximum  Wear  -  bronze  discs  0.25  mm  (0.010  in.)  total  of  four 

steel  plate  0.1  mm  (0.004  in.)  total  of  five 

•  Test  Cycles  -  minimum  cycles  15,000 

•  Maximum  slip  time  increase  -  20X  for  Grade  10  and  Arctic  oils 

•  Maximum  slip  time  increase  -  15X  for  all  others 
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TABLE  3.  OVERALL  PERFORMANCE  OF  ARMY  LUBRICANTS 
Test _  _ Lubricant  Code 


Code 

Procedure 

10 

li 

A. 

TO-2  Friction  Test* 

P 

F 

B. 

C-3  Friction  Test 

P 

ND 

C. 

C-3  Pump  Anti-Wear  Test 

P 

ND 

D. 

C-3  Seal  Compatibility 

P 

ND 

E. 

Vicker  Vane  Pump 
(ASTM  D  2882) 

P 

ND 

F. 

Dynamic  Corrosion 

P 

ND 

G. 

Wet-Brake  Chatter 
Massey-Ferguson  1135 

P 

ND 

H. 

Water  Sensitivity 
(JDM-J20A  4.6) 

F 

ND 

I. 

AFLRL  Wet-Brake  and 
Performance 

P 

ND 

J. 

Copper  Corrosion 
(ASTM  D  130  MOD.) 

BF 

ND 

K. 

Sonic  Sheared  Viscosity 
(JDM-J20A  4.1) 

F 

ND 

L. 

T0-3  Fluoroelastomer 
Compatibility 

P 

ND 

P  - 

F  - 

Pass 

Fail 

BF-  Borderline  Fail 
ND-  Not  determined 
BP-  Borderline  Pass 


11 

11 

14 

11 

16 

17 

1£ 

19 

20 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

ND 

P 

P 

P 

P 

P 

P 

P 

P 

ND 

P 

P 

P 

P 

P 

P 

P 

P 

ND 

P 

P 

BF 

P 

P 

P 

P 

P 

ND 

ND 

P 

P 

P 

P 

P 

P 

P 

ND 

ND 

P 

BP 

BP 

P 

P 

P 

P 

ND 

ND 

BF 

P 

P 

P 

P 

P 

P 

ND 

ND 

P 

P 

P 

P 

P 

P 

P 

ND 

ND 

F 

P 

P 

F 

P 

F 

P 

ND 

ND 

F 

F 

P 

P 

P 

P 

P 

ND 

ND 

P 

P 

BP 

P 

BP 

P 

BP 

ND 

ND 

*  Lubricants  8  and  9  passed  the 
TO-2  Friction  Test,  which  were 
reruns  from  previous  work 


Lubricants  8  and  9  were  reruns  from  previous  work  Q)  and  passed  all  phases 
of  this  test.  This  makes  the  three  MIL-L-2104C,  Grade  30  lubricants  tested 
in  previous  work  (3.)  potential  hydraulic/power  transmission  lubricants. 
These  three  lubricants  have  passed  all  the  performed  tests.  Lubricants  10, 
12,  14,  15,  17,  and  18  passed  all  phases  of  this  test.  Lubricant  11  (MIL-L- 
21260  preservative  engine  oil)  failed  with  a  30.5%  maximum  slip  time 
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Increase,  but  It  passed  the  maximum  wear  phase  and  was  eliminated  from 
further  testing.  Lubricants  13,  15,  16,  and  17  failed  the  slip  time  in¬ 
crease  the  first  time.  These  four  lubricants  were  performed  with  a  new 
batch  of  steel  plates.  It  was  later  learned  that  these  plates  produced  very 
low  results  with  the  reference  oils.  The  slip  time  curves  produced  by 
lubricants  15  and  17  (just  were  falls)  had  leveled  off  and  were,  therefore, 
considered  a  pass  due  to  the  bad  plates.  Lubricants  13  and  16  slip  time 
curves  had  not  leveled  off  and  were  therefore  rerun  with  another  batch  of 
steel  plates  and  this  time  they  were  a  good  pass.  Lubricant  19  passed  the 
screening  test;  however,  no  further  evaluations  were  conducted.  Data  from 
this  test,  as  well  as  other  tests  mentioned  in  Table  2  and  Table  3,  are 
included  in  the  table  in  Appendix  A. 

B.  Wet-Clutch  Friction  Retention  (Detroit  Diesel  Allison,  PDA  C-3) 

This  test  (11)  also  makes  use  of  the  SAE  No.  2  Friction  Test  Device.  Cool¬ 
ing  is  controlled  by  water  flowing  around  the  outside  of  the  test  cavity. 
The  clutch  discs  are  of  standard  resin  graphite  with  steel  plates.  Except 
for  clutch  discs  and  fixtures,  all  changes  were  machine  settings  only.  The 
C-3  test  results  compare  favorably  with  full-scale  DDA  off-highway  power 
shift  transmissions.  The  test  criteria  for  satisfactory  C-3  Friction  Reten¬ 
tion  performance  are: 

•  Maximum  slip  time  at  5500  cycles,  0.85  sec 

•  Minimum  torque  at  0.2  sec  slip  time  at  5500  cycles,  75  ft-lb 

•  Maximum  difference  is  torque  at  0.2  sec  slip  time  between  1500 
and  5500  cycles,  30  ft-lb 

Lubricants  10,  12,  14,  15,  and  17  passed  the  maximum  slip  time  phase  of  the 
test  with  Lubricants  13,  16,  and  18  being  borderline  fails.  Lubricants  10, 
12,  14,  15,  16,  and  17  passed  minimum  torque  at  0.2  second  slip  time,  and 
Lubricants  13  and  18  were  borderline  fails.  In  AFLRL  judgment,  all  eight 
should  be  considered  passes  because  the  curves  had  leveled  off,  and  this 
batch  of  steel  plates  produced  curve  levels  on  the  very  low  side  with  the 
reference  oils.  All  eight  lubricants  passed  the  difference  in  torque  phase. 
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again  indicating  that  the  steel  plates  were  borderline  and  that  all  lubri¬ 
cants  should  be  considered  a  pass. 

C.  Vane  Pump  Anti wear  (PDA  C-3) 

The  test  determines  the  fluid  antiwear  properties  in  a  motor-driven  Saginaw 
power  steering  pump  at  2950  rev/min  at  900  psl  for  50  hours.  The  test  cri¬ 
teria  for  satisfactory  performance  are: 

•  Cam  rig  grinding  pattern  remaining,  percent 

•  Pump  cam  ring  shall  still  show  the  grinding  pattern  for  360° 

•  Shall  be  free  from  scuffing,  scoring,  or  chatter  wear  marks, 

Pressure  and  Thrust  plate  wear. 

The  good  reference  oils  fall  within  the  80  to  85  percent  of  grinding  pattern 
remaining  on  the  pump  cam  ring.  As  can  be  seen  in  Table  4  in  Reference  9, 
good  performing  lubricants  do  not  fall  below  the  80-percent  level.  All 
lubricants  were  good  passes  which  tend  to  exhibit  the  good  overall  wear 
characteristics  of  military  engine  oils. 


D.  Seal  Compatibility  (PDA  C-3) 

For  this  test  (11) ,  three  different  seal  materials  are  used.  Buna-N  seal 
compound  is  subjected  to  hot  transmission  fluid,  and  measurements  of  volume 
and  hardness  are  made  before  and  after  test.  Silicone  and  polyacrylate  seal 
compounds  are  subjected  to  hot  transmission  oil  and  to  a  hot  air/oil  vapor 
atmosphere,  and  measurements  of  volume  and  hardness  are  made  before  and 
after  test.  The  test  pass  or  fail  criteria  for  fluid  performance  are: 


•  Total  Immersion 

Volume  Change 
Hardness  Change 

•  Dip  Cycle 

Volume  Change 
Hardness  Change 

•  Dip  Cycle 

Volume  Change 
Hardness  Change 


SAE  10  SAE  30 

+0.96  to  6.9%  -0.75  to  6.9% 

-5  to  +5  pt s •  -5  to  +5  pts. 

0  to  +10% 

-4  to  +1% 

+1.5  to  6.5% 

0  to  -10  pts. 
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All  eight  lubricants  passed  all  phases  of  this  test,  again  showing  the  good 
overall  seal  compatibility  of  the  military  oils. 

E.  Vickers  Vane  Pump  (ASTM  D  2882) 

This  test  describes  a  procedure  for  measuring  the  wear  characteristics  of 
hydraulic  lubricants.  The  test  consists  of  a  rotary  vane  pump  operating  at 
1200  rpm,  at  2000  psi,  circulating  3  gallons  of  oil  at  a  temperature  of 
65.6°C  (150°F)  or  79.5°C  (175°F)  for  100  hours.  The  results  obtained  are 
total  wear  (weight  loss),  consisting  of  cam  ring  and  vane  weight  losses 
during  test.  The  performance  criteria  vary  among  manufacturers. 

•  Ring  Weight  Loss,  mg 

•  Vanes  Weight  Loss,  mg 

•  Total  Weight  Loss,  SO  mg  max 

The  method  has  a  relatively  poor  precision  as  indicated  by  high  values  of 
the  repeatability  and  reproducibility  random  errors. (12)  The  manufacturers' 
requirement  limit  of  50  to  100  mg  maximum  weight  loss  is  much  smaller  than 
the  testing  error.  In  this  program,  the  50  mg  limit  was  assumed  as  perfor¬ 
mance  criterion  following  the  tentative  specification  for  hydraulic  fluids 
developed  by  the  ASTM  panel  (3  Appendix  A).  Lubricants  10,  12,  14,  15,  16, 
17,  and  18  passed  the  test.  Lubricant  13  failed  because  of  a  high  value  for 
the  total  weight  loss. 

F.  Dynamic  Corrosion  (Sundstrand  Axial  Piston  Pump  Wear  Contamination) 

This  test  evaluates  the  hydrolytic  stability  of  the  lubricants  additives  and 
their  capability  to  resist  the  dynamic  corrosion  in  the  presence  of  water 
contamination.  The  test  determines  the  percent  flow  loss  due  to  water  con¬ 
tamination  in  a  Sundstrand  22  Series  Axial  Piston  Pump  (variable  displace¬ 
ment)  using  one-half  of  full  stroke  at  3100  RPM  ±  100  using  5000  PSI,  a 
reservoir  temperature  of  150*F  ±  10®F,  a  loop  temperature  of  180*  ±  10*F,  5 
in.  Hg.  maximum  inlet  vacuum  and  1  percent  distilled  water  for  200  hours. 
This  is  preceded  by  a  25-hour  start-up  and  break-in  period  with  no  distilled 
water  present.  The  reported  test  data  and  limits  are: 

•  Flow  Loss  at  5000  PSI,  10Z  max. 
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•  Pump  Parts  Condition,  Good  min. 

•  Viscosity  at  100°F 

•  Viscosity  at  210#F 

•  Water  Percent 

•  Acid  No. 

•  Wear  Metals,  ppm 

Iron 

Copper 

Chrome 

Lead 

Initially,  all  the  test  lubricants  passed  this  test  with  the  exception  of 
lubricant  15.  This  lubricant  was  passing  all  phases  of  the  test  up  until 

183  hours,  at  which  time  it  still  had  a  good  flow  degradation  of  1.3  per¬ 

cent.  At  this  time,  a  crack  developed  in  the  bronze  valve  plate  of  the 
pump.  The  crack  in  the  valve  plate  was  not  observed  by  the  visual  pretest 
inspection.  It  is  possible  that  the  bronze  valve  plate  was  a  defective 

casting.  Therefore,  lubricant  15  was  retested.  This  time,  lubricant  15 
passed  all  phases  of  the  test.  Apparently  the  previous  test  had  a  bad 
casting  of  bronze  valve  plate. 

G.  Wet  Brake  Chatter  (Massey-Ferguson  1135  In-Vehicle) 

The  test  tractor  is  a  Massey-Ferguson  Model  1135  and  Is  equipped  with  a 
six-speed  transmission  incorporating  a  two-speed  auxiliary  transmission  and 
sintered  bronze  brake  material.  The  test  procedure  consists  basically  of  a 
drain-flush-ref ill  with  test  oil,  and  repetitive  applications  of  left  and 

right  brakes  with  a  recording  of  brake  chatter  under  various  gear-speed 
conditions.  The  chatter  recording  is  made  with  a  strip  chart  recorder  in 
millimeters  (mm)  via  a  signal  amplitude  converter  to  obtain  a  numerical 
value.  The  analysis  is  then  made  to  provide  a  comparison  and  ranking  of  the 
test  oils.  Test  criteria  for  the  reported  data  are: 

•  Low  Chatter,  mm  0-4 

•  Medium  Chatter,  mm  4-7  Average 
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•  Heavy  Chatter,  mm 

•  Fail,  mm 


7-10 

10+ 


This  test  had  a  change  in  reference  oils  which  was  required  by  the  manu¬ 
facturer.  The  new  reference  oil  appears  to  have  slightly  more  wet-brake 
chatter  than  did  the  old  reference  oil.  Lubricants  10,  12,  15,  17,  and  18 
had  less  brake  chatter  than  did  the  new  reference  oil.  Lubricants  13  and  16 
had  only  a  slightly  higher  chatter  rating  than  the  new  reference  oil,  while 
lubricant  14  had  more  (heavy)  chatter.  Even  though  the  brake  chatter  pro¬ 
duced  from  lubricant  14  was  considered  high,  it  was  not  to  the  point  that  it 
would  substantially  hinder  operation  of  the  vehicle  but  could  possibly 
accelerate  brake  pad  wear. 

R.  Water  Sensitivity  (John  Deere  JDM-J20A) 

3  3 

A  mixture  of  199.2  cm  of  oil  and  0.8  cm  deionized  water  is  mixed  in  a 
blender  for  60  seconds,  maintaining  12,000  to  14,000  rpm.  The  mixture  is 
transferred  to  a  centrifuge  tube  and  stored  in  a  light-tight  chamber  for  7 
days.  The  sample  is  centrifuged,  and  the  percent  volume  of  sediment  is  re¬ 
ported.  The  top  oil  phase  is  analyzed  for  metallic  constituents  of  addi¬ 
tives.  The  test  criteria  for  a  satisfactory  performance  are: 

•  Sediment,  VolX,  0.1  max 

•  Additive  Loss,  2  mass,  15  max 

The  eight  lubricants  passed  the  additive  loss  phase  of  the  test.  Lubricants 
13,  14,  15,  16,  17,  and  18  passed  the  sediment  volume  phase  of  the  test 
while  Lubricants  10  and  12  failed  this  phase  due  to  emulsion  rather  than 
sediment. 

I.  Wet  Brake  Chatter  and  Hydraulic  Performance  (AFLRL) 

This  test  is  performed  in  a  John  Deere  Model  410  front  loader/backhoe  trac¬ 
tor.  The  tractor  is  equipped  with  a  four-speed  transmission  incorporating  a 
two-speed  auxiliary  transmission  and  graphitic  wet-brake  material.  The  test 
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procedure  consists  basically  of  testing  the  tractor  with  John  Deere  JDM-J20A 
lubricant,  then  drained,  flushed,  and  refilled  with  test  oil,  repetitive 
applications  of  left-turn — left  brake  and  right-turn — right  brake  at  57 °C 
(135®F)  and  74#C  (165°F)  with  a  recording  made  of  that  chatter  with  the 
transmission  in  1st  gear,  second  auxiliary  range  (fifth  gear)  at  800  rpm  and 
then  a  comparison  analysis  of  the  chatter  recording  is  made  with  the  JD 
fluid  by  using  a  voltmeter  to  obtain  a  numerical  value  for  ranking.  The 
front  loader  and  backhoe  operations  are  timed,  and  brake  lock-up  and  opera¬ 
ting  values  are  evaluated  to  provide  a  comparison  ranking.  The  test  cri¬ 
teria  for  satisfactory  performance  are: 

e  Wet  Brake  Chatter  compared  to  JDM-J20A  fluid,  derived 
from  volts 
•  Response  Times 

Front  loader  performance,  seconds 

Backhoe  performance,  seconds 

Pressure  Control  Valve  performance,  pass* 

Panic  Brake  Lock-up,  Good  min.  (both  wheels  must  lock) 

In  this  test,  three  lubricants  (10,  17,  and  18)  had  lower  wet-brake  chatter 
than  the  John  Deere  reference  fluid.  Lubricants  12,  13,  14,  15,  and,  16, 
had  more  wet-brake  chatter  than  the  John  Deere  fluid.  Lubricants  10  and  14 
had  faster  front/loader  response  times  than  the  John  Deere  fluid  with  lubri¬ 
cants  10,  14,  16,  and  17  also  having  faster  backhoe  response  times  than  the 
John  Deere  fluid.  None  of  the  lubricants  that  had  slower  response  times  and 
more  wet-brake  chatter  was  considered  to  be  excessive  to  the  point  that  it 
would  substantially  hinder  efficient  operation  of  the  vehicles. 

J.  Copper  Corrosion  (ASTM  D  130  MOD.) 

This  test  detects  the  corrosiveness  to  copper  of  petroleum  products.  A 
polished  copper  strip  is  immersed  in  30  ml  of  lubricant  heated  to  150°C  for 


*Ab  per  John  Deer  Technical  Manual-1037,  Sec.  70,  5.5. 
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3  hours.  The  copper  strip  Is  removed,  washed,  and  compared  to  the  ASTM 
Copper  Strip  Standards.  The  test  criterion  for  satisfactory  performance  Is: 

•  Copper  strip  classification,  lb  max. 

Lubricants  13,  14,  16,  and  18  passed  this  test.  Lubricants  12,  15  and  17 
failed,  with  lubricant  10  being  a  borderline  fail.  This  appears  to  Indicate 
that  the  Army  engine  lubricants  will  need  additional  treatment  to  prevent 
copper  corrosion  before  these  lubricants  will  perform  well  as  hydraulic  and 
power  transmission  fluids. 

K.  Sonic  Shear  Stability  Viscosity  (ASTM  D  2603  MOD.) 

This  test  covers  the  evaluation  of  the  shear  stability  of  a  lubricant  con¬ 
taining  a  polymer  in  terms  of  permanent  loss  in  viscosity.  The  lubricant  is 
irradiated  in  a  sonic  oscillator  for  30  minutes  to  produce  a  shearing  force 
level  necessary  to  reduce  ASTM  reference  Fluid  A  viscosity  to  9.0  ±0.1  cSt 
at  99°C  (210®F)  in  five  minutes  and  changes  in  viscosity  are  then  determined 
by  ASTM  D  445.  The  test  criteria  for  a  satisfactory  performance  according 
to  John  Deere  specifications  (^)  are: 

•  New  Oil  Viscosity,  9.1  cSt  min.,  at  99°C 

•  Oil  at  end  of  30  min.  viscosity,  7.1  cSt  min.,  at  99°C 

Lubricants  14,  15,  16,  17,  and  18  passed  all  phases.  Lubricant  10  passed 
the  viscosity  loss  after  shear  but  failed  the  initial  minimum  starting  vis¬ 
cosity.  Lubricants  12  and  13  failed  both  phases  of  this  test.  It  should  be 
considered  that  these  lubricants  had  only  a  1.22  percent  and  6.48  percent 
after  shear  viscosity  loss  and  the  John  Deere  specification  allows  at  least 
22  percent  loss.  These  two  lubricants  should  not  be  used  in  extremely  hot 
climates.  It  is  recommended  that  in  extremely  hot  climates,  a  Grade  30 
should  be  used.  However,  in  spite  of  low  viscosity,  s  Grade  10W  oil  has 
been  successfully  used  in  fielded  JD-410  front  loader/backhoe  tractors  at 
Fort  Hood  for  three  years,  where  summer  temperatures  sometimes  go  over  100°F. 
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L.  Fluoroelastomer  Material  Compatibility  (Caterpillar  TO-3) 

This  test  is  conducted  to  determine  the  effect  of  oils  on  fluoroelastomer 
materials.  Specimens  of  fluoroelastomer  material  are  tested  in  the  candi¬ 
date  oils  along  with  a  reference  oil  for  10  days  (240  hr)  at  150°C.  A  com¬ 
parison  of  change  in  elongation  is  made  to  determine  the  fluoroelastomer/oil 
compatibility.  The  exact  test  limits  for  a  satisfactory  performance  have 
not  been  established  by  the  manufacturer. 

Based  on  the  manufacturer's  good  and  bad  fluoroelastomer  data,  the  testing 
engineers  feel  that  only  lubricants  14,  16  and  18  should  be  considered  poor 
but  still  acceptable,  with  lubricants  10,  12,  13,  15,  and  17  being  good 
passes. 

M.  Field  Evaluations 

The  three  John  Deere  Model  410  front  loader/backhoe  tractors  in  the  62nd 
Construction-Engineer  BN  at  Ft.  Hood,  TX  have  been  on  a  field  test  since 
late  1978.(2^)  One  tractor  ("D"  Co.)  uses  the  baseline  lubricant,  a  JDM-J20A 
specification  Type  303  fluid,  and  two  tractors  ("B”  and  "C“  CO.)  use  the 
test  lubricant,  a  fielded  MIL-L-2104C  Grade  10W  (NSN  9150-01-090-5753) 
lubricant.  These  vehicles  have  had  numerous  hydraulic/transmission  system 
problems  that  were  not  attributed  to  the  lubricants  but  appeared  to  be 
operational  (extremely  high  usage)  and  maintenance  related.  (3i)  During  the 
final  15-month  testing  period,  all  vehicles  reported  hydraulic  hose 
breakage/replacement  and  fitting  leaks.  The  baseline  tractor  in  "D"  Company 
using  the  JDM-J20A  fluid  had  the  front  main  seal  in  the  transmission  re¬ 
placed  due  to  leakage.  The  two  tractors  using  the  MIL-L-2104C  Grade  10W 
lubricant  also  had  problems.  The  tractor  in  HB"  Company  had  a  transmission 
throwout  bearing  failure  and  replacement.  The  tractor  in  "C"  Company  had  to 
replace  the  hydraulic  pump  pressure  control  valve.  In  addition,  all  three 
tractors  had  erratic  wet-brake  chatter  on  the  left  side  and  the  tractor  in 
"C"  Company  needed  a  clutch  adjustment.  After  inspection  of  the  replaced 
parts  and  vehicle  log,  these  problems  were  attributed  to  the  high  usage 
level,  maintenance,  and  age. 
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The  three  John  Deere  Model  410  front  loader/backhoe  tractors  were  evaluated 
for  wet-brake  chatter  and  hydraulic  performance  every  four  months.  The 
results  from  the  Initial  start  of  the  test  and  September  1983,  are  sum¬ 
marised  In  Table  4.  There  does  not  appear  to  be  any  real  significant  dif¬ 
ference  in  wet-brake  chatter  and  hydraulic  performance. 


TABLE  4.  JD  410  VEHICLE  WET-BRAKE  AND  HYDRAULIC  PERFORMANCE 


Hours  Brake  Chatter*  Front  Loader  Backhoe 


Company 

Fluid 

12/78 

"9783 

12/78 

9/83 

Performance 

Performance 

B 

OE/HDO-IO 

722 

2i°°i 

132 

98C 

Mod-Smooth 

Mod-Smooth 

C 

OE/HDO— 10 

894 

2400? 

128 

110c 

Slow- Smooth 

Mod-Smooth 

D 

JDM-J20A 

778 

2290“ 

135 

102C 

Slow-Smooth 

Slow-Smooth 

a/  A  different  recorder  and  chatter  noise  pick-up  were  used  with  the 
December  1978  data. 

b/  All  engine  hour  timers  were  not  operational  and  had  stopped  at  these 
times. 

c /  The  brake  chatter  number  is  derived  by  measuring  each  left  and  right 

brake  application  recording  on  a  voltmeter  and  then  totaling  the  results. 


VI.  INTERFACE  WITH  STANDARDIZATION  ORGANIZATIONS  AND  INDUSTRY 

A.  Multipurpose  Power  Transmission  Fluid 

The  Army's  concern  about  proliferating  HPTF  requirements  was  brought  to  the 
attention  of  the  American  Society  of  Testing  and  Materials  and  the  Society 
of  Automotive  Engineers  in  1974  with  a  request  to  consider  development  of  a 
multipurpose  hydraulic  fluid  specification. (13)  The  Society  of  Automotive 
Engineers  could  obtain  no  agreement  because  each  equipment  manufacturer  pre¬ 
ferred  its  own  proprietary  fluid  and  again  stated  that  MIL-L-2104C  engine 
oils  would  produce  problems  if  used.  However,  in  late  1975,  ASTM  approved  a 
panel  to  develop  a  multipurpose  power  transmission  fluid  specification. 
Personnel  from  AFLRL  have  met  with  this  panel  many  times,  and  in  early  1982 
a  tentative  multipurpose  power  transmission  fluid  specification  was  ap¬ 
proved.  Appendix  A  of  Reference  3  is  a  first  draft  of  the  specification  in 
SAE-recommended  practice  format. 


SPEC08.A 


20 


B.  Fluid-Critical  Hydraulic/Power  Transmission  Systems  and  Components 

Results  from  previous  efforts  (3)  show  that  numerous  tests  are  required  if 
all  potential  CCE/SMHE  Components  are  to  be  addressed.  The  list  of  procured 
and  proposed  CCE/SMHE  shows  a  broad  range  of  equipment  representing  many 
different  suppliers.  Any  lubricant  selected  for  use  in  the  CCE/SMHE  hydrau¬ 
lic  and  power  transmission  fluid  (HPTF)  systems  should  still  be  acceptable 
for  use  in  the  Army  combat/tactical  flec-L  engines  and  HPTF  systems.  The 
question  then  arises  as  to  whether  or  not  military  specification  lubricants 
MIL-L-2104C/D,  M1L-L-46152B,  MIL-L-46167A,  and  MIL-H-46001C  can  protect  all 
the  different  brands  and  types  of  components/systems  during  the  service  life 
of  the  equipment,  particularly  after  the  warranty  period. 


Various  hydraulic  and  power  transmission  fluid  systems  and  component  manu¬ 
facturers  on  the  previously  developed  component  list  were  contacted. (3)  The 
following  manufacturers  were  requested  to  identify  any  equipment  items  which 
they  claim  could  not  operate  properly  with  military  lubricants. 


Allis-Chalmers 
Barnes  Corp. 

Garrison 

HU8CO 

J.I .  Case 

Cessna 

Clark 

Denison 

Detroit  Diesel  Allison 
TRW  Steering 
Ty'onne  Hydraulics 
Sundstrand 


Ford 

General  Signal  Corp. 

Caterpillar 

Char-Lynn 

International  Harvester 

John  Deere 

Massey-Ferguson 

Minneapolis-Mollne 

Racine 

Vickers 

White 

Oliver 


The  majority  of  the  manufacturers  believed  the  proper  military  lubricants 
would  operate  satisfactorily  in  their  components  if  the  recommended  visco¬ 
sity  is  used.  However,  Denison  and  Sundstrand  expressed  concern  with  the 
use  of  multiviscosity  lubricants  because  of  the  possible  shear  involved  when 
used  at  full  rated  capacity.  Vickers  was  concerned  that  the  MIL-L-2104C  and 
the  MIL-L-46152B  specifications  (unlike  MIL-L-46167A)  did  not  have  any  pump 
wear  tests. 


SPEC08.A 


21 


All  the  manufacturers  of  tractors  with  wet-brakes  expressed  concern  that  the 
MIL-L-46001C  does  not  have  any  requirements  for  clutch  or  wet-brake  fric¬ 
tional  characteristics.  In  addition.  International  Harvester,  John  Deere, 
Ford,  Case,  Massey-Ferguson,  Minneapolis-Moline,  Oliver  and  White  expressed 
concern  about  potential  wet-brake  chatter  noise  problems  when  using  MIL-L- 
2104C/D,  MIL-L-46152B,  MIL-46I52B,  MIL-L-46167,  and  MIL-L-46001C.  It 
appears  that  these  companies  have  not  recently  tested  the  military  lubri¬ 
cants  In  questions  but  are  basing  their  opinions  on  past  experience  with 
various  lubricants. 

C.  Critical  Component  Acceptability  Evaluation 

The  military  lubricants  must  then  be  concerned  with  three  major  performance 
areas  (1)  engine  protection,  (2)  power  transmission/differential  gear  and 
hydraulic  pump  wear  protection,  and  (3)  wet  brake/clutch  protection.  The 
engine  protection  Is  accomplished  with  the  test  requirement  of  MIL-L-2104C, 
MIL-L-46152B  and  MIL-L-46167A  specifications,  and  with  the  new  MIL-L-2104D, 
which  will  aid  in  power  transmission  operation.  However,  even  the  new 
MIL— L-2104D  specification  does  not  address  potential  differential  gear  and 
hydraulic  pump  wear  problems,  along  with  wet  brake  chatter.  The  revised 
MIL-L-46167A  and  MIL-L-2104D  specification  lubricants  must  meet  the  Allison 
C-3  and  Caterpillar  TO-2  frictional  tests.  Doing  so  should  make  these 
products  acceptable  for  most  hydraulic  and  power  transmission  applications, 
but  possibly  not  for  all  future  wet-brake  systems.  Therefore,  the  tests 
listed  In  Table  5  should  be  performed  to  assure  all  component  acceptability. 


TABLE  5.  TESTS  FOR  EVALUATING  CRITICAL 
COMPONENT  ACCEPTABILITY 


_ Component _ 

Rear  Axle  &  Differential 
Gears 

Hydraulic  Pump  (Full 
Capacity) 


_ Test _ 

Final  Drive  Gear  Wear  Test 
(JDM-J20A,  Procedure  5.4) 

Denison  HF-0  Piston  And 
Vane  Pump  Test 


Wet-Brakes 

Paper/Paper  Wet-Brake  Chatter/Capacity  Test 

(JDM-J20A  Procedures  5.1  and  5.2) 
Sintered/Bronze  CEC  Sintered  Bronze  Wet-Brake  Fluid 

Friction  Test 
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VII.  CONCLUSIONS 


From  the  data  presented  and  from  the  summarized  results  in  Table  3,  it  can 
be  seen  that  not  all  eight  of  the  fielded  MIL-L-2104C,  MIL-L-46167A,  MIL-L- 
46152B,  and  MIL-H-46001C  lubricants  passed  all  the  bench  performance  and 
in-vehicle  tests.  Three  MIL-L-46152B  Grade  15W-40  lubricants  (14,  16,  and 
18)  passed  all  twelve  tests.  All  the  lubricants  passed  the  following:  (A) 
Wet-Clutch  Friction  Retention  (TO-2)  except  lubricant  11  which  was  dropped 
from  testing;  (B)  Wet-Clutch  Friction  Retention  (C-3);  (C)  Pump  Anti-Wear 
Properties  (C-3);  (D)  Seal  Compatibility  (C-3);  (F)  Dynamic  Corrosion 
(Sundstrand  Axial  Pump  Water  Contamination);  (G)  Wet-Brake  Chatter  (Massey- 
Ferguson);  and  (I)  Wet-Brake  Chatter  and  Hydraulic  Performance  (AFLRL)  and 
the  (L)  Fluoroelastomer  Compatibility  Test  (Caterpillar,  TO-3).  Lubricants 
10  and  12  failed  the  (H)  Water  Sensitivity  Test  (John  Deere).  Only  lubri¬ 
cant  13  failed  the  (E)  Vickers  Vane  Pump  Wear  test  (ASTM  D  2882).  Lubri¬ 
cants  10,  12,  and  13  failed  the  (K)  Sonic  Shear  Stability  Viscosity  Test 
(ASTM  D  2603  MOD.)  due  to  low  initial  viscosity,  not  because  of  shear.  In 
addition,  lubricants  10,  12,  15,  and  17  failed  the  (J)  Copper  Corrosion  Test 
(ASTM  D  130  MOD.).  This  indicates  that  the  Army  lubricants  may  need  addi¬ 
tional  treatment  for  copper  corrosion  to  perform  well  as  hydraulic 
lubricants. 

The  evaluated  Army  lubricants,  when  compared  to  the  total  number  of  tests, 
had  a  90  percent  pass  rate.  The  overall  data  from  this  program  appear  to 
show  that  the  MIL-L-46152B  Grade  15W-40,  the  MIL-L-2104C  Grade  30,  and  the 
majority  of  the  OE/HD0-10  grade  lubricants  and,  possibly,  in  cold  climates 
MIL-L-46167  equivalent  to  Grade  OW-20,  are  good  potential  candidates  for 
hydraulic  and  power  transmission  lubricants  within  the  Army  CCE/SMHE  system. 
Also,  MIL-H-46001C  hydraulic  machine  oil  had  good  results  in  this  test  pro¬ 
gram,  but  this  is  only  one  of  the  available  products.  In  addition,  it 
should  be  remembered  that  this  specification  has  no  tests  to  evaluate  fric¬ 
tional  characteristic  performance. 
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VIII.  RECOMMENDATIONS 


Because  of  the  continued  uncertainty  of  whether  or  not  the  Army's  lubricants 
will  provide  minimum  protection  in  the  CCE/SMHE  systems,  the  following  work, 
plan  is  recommended: 

(a)  Since  MIL-L-2104C/D  specification  does  not  provide  for  differen¬ 
tial  gear  and  hydraulic  pump  wear,  it  is  proposed  that  the 
JDM-J20A  Final  Drive  Gear  Wear  Test  and  the  Denison  HF-0  Piston 
and  Vane  Pump  Test  be  performed  with  the  MIL-L-2104C  OE/HDO 
grades  10  and  30  reference  oils  and  with  the  MIL-L-46152B  15W-40 
MIL-L-46167A  0W-20  and  the  MIL-H-46001C.  It  Is  not  recommended 
that  the  MIL-L-46I67  equivalent  to  Grade  OW-20  oils  be  tested, 
due  to  their  borderline  characterisitcs  in  pump  wear  and  wet 
clutch  frictional  characteristics.  The  new  MIL-L-2104D  and 
MIL-L-46167A  multiviscosity  grade  oils  must  meet  the  Allison  C-3 
and  Caterpillar  TO-2  frictional  tests,  which  should  make  those 
products  acceptable  ( frictionally)  for  most  hydraulic/power  trans¬ 
mission  applications  but  these  should  be  tested  in  the  Denison 
HF-0  Pump  Test. 

(b)  Due  to  the  wide  range  of  wet  brake  friction  material  characteris¬ 
tics,  two  sets  of  friction  material  should  be  evaluated.  These 
friction  materials  (papers/asbestos  and  sintered/bronze)  should  be 
evaluated  using  the  JDM-J20A  Wet  Brake  Chatter/Capacity  Test  and 
the  ASTM  and  CEC  Sintered  Bronze  Wet  Brake  Fluid  Friction  Test 
with  the  lubricants  tested  In  (a). 

(c)  Data  from  these  tests,  (a)  and  (b)  above,  and  previously  collected 
data  should  be  evaluated  to  select  lubricants  for  field  testing. 
The  selection  should  be  based  on  individual  lubricant  pass/fail 
performance.  Lubricants  demonstrating  marginal/poor  performance 
should  be  given  consideration  in  the  selection  process  in  order  to 
determine  if  slight  trade-offs  in  performance  can  be  tolerated  in 
actual  field  operation.  Consideration  should  also  be  given  to 
lubricants  tested  in  previous  programs. 

(d)  Full-scale  vehicle  testing  should  be  conducted  to  identify  minimal 
acceptability  of  selected  products  for  field  application.  The 
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types  of  vehicles  to  be  tested  should  be  minimized  based  on  criti¬ 
cal  components  Identified  from  the  test  matrix. 

(e)  Based  on  the  results  of  the  full-scale  testing,  the  suitability  of 
various  military  specification  lubricants  for  use  in  fielded 
equipment  could  then  be  determined. 
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APPENDIX  A 

SUMMARY  OF  COMPLETED  TEST  RESULTS 


SUMMARY  OF  COMPLETED  TEST  RESULTS 


Coda 

feet  Procedu re 

Grade  3 
MIL-46001C 

10 

Grade  10 
W1L-2J260C 
11 

OE/HOO-IO 

MIL-2104C 

12 

OEA  OW-20 
MIL-4616? 

13 

15W-40 

MIL-461528 

14 

15W-40 

MIL-461528 

15 

15W-40 

MIL-461528 

16 

a. 

T0-2  Friction  Characteristic  Teat  (CAT) 
Parcent  change,  15X  max. 

13.2 

30.5 

It. 8 

23.3  A  9.8* 

12.1 

17.7 

19.2  A  5.6* 

4-Bronxe  discs.  avg.  wear,  0.010  in.  ux< 

0.0042 

0.0052 

0,0044 

0.0043  4 

0.0033 

0.0050 

0.0036  A 

5-Steel  plates,  avg.  wear,  0.004  in.  ux. 

0.0030 

0.0034 

0.0020 

0.0057 
0.0034  A 

0.0026 

0.0037 

0.0031 
0.0017  & 

Teat  cycles,  15,000  min. 

15,000 

15,000 

15,000 

0.0026 

15,000 

15,000 

15,000 

0.0014 

15,000 

b. 

C-3  Friction  Retention  Teat  (DDA) 

Max.  slip  time  9  5500  cycles,  0,85  sec. 

0.72 

N.D. 

0.85 

0.89 

0.85 

0.85 

0.86 

Min.  torque  9  0.2  sec.  allp  time  9  5500 
cycles,  25  ft-lbs 

83 

N.D. 

83 

73 

78 

81 

83 

Difference  in  torque  9  0.2  tec.  slip  ti»e 
between  1500  &  5500  cycles, 

30  ft-lb  wx. 

24 

N.D. 

13 

25 

12 

22 

12 

c. 

C-3  Pump  Anti-wear  Teat  (DDA) 

Cam  Rig  Crindlng  Pattern  Remaining,  X 

94-97 

N.D. 

88-91 

94-97 

94-97 

90-93 

95-98 

Scuffing,  Scoring  or  Chattering 

Tr.Scuf f lng 

N.D. 

Tr.Scuf f lng 

Tr. Scuffing 

Tr .Scuffing 

Tr. Scuffing  Tr. Scuffing 

Pressure  and  Thrust  Plate 

Tr. Scuffing 

N.D. 

Tr.Scuf f lng 

Tr .Scuffing 

Tr. Scuffing 

Tr. Scuffing  Tr. Scuffing 

d. 

C-3  Seal  Compatibility  Test  (DDA) 

Total  Immersion 

Volume  Change 

-1.65 

N.D. 

♦0.12 

♦0.06 

40.68 

♦0.72 

40.15 

Hardness  Change 

4-3 

N.D. 

♦4 

♦3 

-1 

44 

♦1 

Dip  Cycle 

Volume  Change 

♦2.42 

N.D. 

♦3.88 

♦4.46 

♦4.54 

♦3.37 

♦3.24 

Hardness  Change 

♦2 

H.O. 

-l 

-I 

♦1 

+1 

+2 

Tip  Cycle 

Volume  Change 

♦2.38 

N.D. 

+3.49 

+3.89 

♦3.54 

♦2. 76 

♦3.13 

Hardness  Change 

-2 

N.D. 

-3 

-3 

-3 

-3 

-3 

e . 

Vickers  Vane  Pump  Wear  (AST*  D  2882) 

Ring  vt .  loas,  mg. 

12.5 

N.D 

21.4 

90.0 

24,1 

29.5 

19.2 

Vanes  vt .  loss,  mg. 

2.1 

N.D 

2.3 

3.5 

2.8 

1.6 

4.1 

Total  ( 100-hr  Ford  M2C143-A, 

50  mg.  max. 

14.6 

N.D. 

23.7 

93.5 

26.9 

31.2 

23.3 

f. 

Dynamic  Corrosion  (Sundatrand  Axial 

Piston  Water  Contamination) 

Flow  Degradation,  10X  aax. 

1.3 

N.D. 

3.9 

5.2 

1.3 

0.0 

-1.4 

Pump  Parts  Condition,  Good  aln. 

Good 

N.D. 

Good 

Good 

Good 

Good 

Good 

Vise.  9  25  hr./225  hr.  100*F 

66.4/65.2 

N.D. 

45.9/43.4 

31.7/30.4 

77.15/63.85 

97.05/65.74 

80.17/64.77 

Vise.  9  25  hr ,/225  hr.  2lO’F 

7 .1/7  .9 

N.D. 

6. 7/6. 5 

5, 9/5. 6 

10.3/8.17 

12.41/8.84 

10.42/8.80 

H.O  9  26  hr./225  hr. 

1.13/0.16 

N.D. 

6. 7/6.5 

1.74/0.75 

1.37/0.414 

1.19/0.280 

1.29/0.35 

Acid  Mo.  9  26  hr./?25  hr. 

1.42/1,10 

N.D. 

2.59/3.19 

3.04/2.95 

2.66/2.40 

2.74/2.35 

2.32/3.83 

Wear  Metals,  ppm 

Fe  9  25  hr./225  hr. 

2/2 

N.D. 

1/8 

9/10 

12/12 

3/10 

4/6 

Cu  9  25  hr./225  hr. 

2/5 

N.D. 

2/17 

4/29 

4/13 

1/10 

3/12 

Cr  9  25  hr ,/225  hr. 

1/1 

N.D. 

0/0 

8/65 

9/7 

1/1 

4/4 

Pb  9  25  hr./225  hr. 

3/5 

N.D. 

3/5 

10/9 

14/10 

1/2 

2/3 

8- 

Wet-Brake  Chatter  In  Massey- Ferguson 

Model  1135  Tractor 

Avg.  of  Refetence  Runs,  am 

Min.  Old  3.2  New  3.0 

4.0 

N.D. 

1.50 

4.5 

6.0 

4.0 

4.0 

Max.  Old  11.3  New  H.O 

10.5 

N.D. 

6.50 

9.5 

15.5 

11. 0 

16.0 

Avg.  Old  5.8  New  6.4 

5.6t 

N.D. 

3.42 

7.10 

9.38 

6.04 

6.70 

h. 

Water  Sensitivity  (JDM-J20A) 

Sediment,  volt,  0.1  max. 

100  Emul . 

N.D. 

0.5  sed. 

<0.01 

0.10  Eaul. 

<0.01 

<0.01 

Additive  Loas,  1 51  max, 

Ca 

10.0 

N.D. 

2.05  Eaul. 

l.I 

5.0 

P 

12.0 

N.D. 

0,9 

3.3 

2.7 

— 

5.9 

Zn 

4.3 

N.D. 

0,6 

1.4 

— 

3.1 

0.6 

8a 

*" 

N.D. 

— 

1.9 

"" 

“~ 

— 

1 . 

Wet-Brake  Chatter  and  Hydraulic 

Performance  In  JD-410  Tractor 

Wet-Brake  Chatter,  derived  from  volts 

92 

N.D. 

110 

109 

108 

107 

109 

Pressure  Control  Valve,  Good  min. 

Good 

N.D. 

Good 

Good 

Cood 

Good 

Good 

Prortt  Bucket  Dump  8  1500  rpm,  sec. 

2.4 

N.D. 

2.7 

3.0 

2.0 

2.6 

2.4 

Backhoe  Bucket  Retract  9  1500  rpm,  sec. 

3.0 

N.D. 

3.2 

3.6 

2.6 

3.2 

3.0 

Panic  Brake  Lock-Dp,  Good  min. 

Good 

N.D. 

Good 

Good 

Good 

Good 

Good 

1. 

Copper  Corroaton  (ASTO  D  130) 

lb/2a* 

N.D. 

4e/3b 

2b 

lb 

4b/4a 

lb 

k. 

Sonic  Sheared  Viscosity  (ASTM  D  2603) 

New  Oil,  cSt  9.1  min. 

8.42 

N.D. 

6.57 

6.02 

14.00 

15.33 

14.82 

Vise.  Loss  after  Sonic  Shear,  cSt  2.1  min. 

8.40 

N.D. 

6.49 

5.63 

11.32 

12.48 

12.03 

I  change,  72  aax. 

0.24 

N.D. 

1.22 

6.48 

19.14 

18.59 

18.83 

1. 

Vlton  Compatibility  Teat  (CAT) 

CAT-4569  -11.00 

-3.00 

N.D. 

-0.85 

-1.00 

-38.00 

-11.25 

-37.81 

*Dupilcete  Rune 
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15W-40 

15W-40 

1SW-40 

15U-40 

MIL-46152B 

MIL-46142B 

MIL-461 52B 

MIL-46132B 

Test  Procedure 

17 

18 

19 

20 

T 0-2  Pr let  ion  Characteristic  Test  (CAT) 

Percent  change,  151  aax. 

15.9 

8.9 

13.2 

9.8 

4-Bronxc  discs,  avg.  wear,  0.010  aax. 

0.0042 

0.0036 

0.0046 

0.0062 

5-Steel  plates,  avg.  wear,  0.004  aax. 

0.0034 

0.0023 

0.0023 

0.0038 

Teat  cycles,  15,000  aln. 

15,000 

15,000 

15,000 

15,000 

C-3  Friction  Retention  Test  (DDA) 

Max.  slip  tlae  8  5500  cycles,  0.85  sac. 

0.84 

0.89 

N.D. 

0.76 

Min.  torque  f  0.2  sec.  slip  tlae  8  5500 

cycles,  75  ft-lbs 

88 

74 

N.D. 

98 

Difference  In  torque  8  0.2  sec.  slip  tlaa 
between  1500  &  5500  cycles. 

30  ft-lb  aax. 

15 

21 

N.D. 

20 

C-3  Puap  Anti-wear  Test  (DDA) 

Caa  Rig  Grinding  Pattern  Remaining,  X 

94-96 

95-98 

N.D. 

95-98 

Scuffing,  Scoring  or  Chattering 

Tr  .Scuff  ing 

Tr. Scuffing 

N.D. 

Tr. Scuffing 

Pressure  and  Thrust  Plate 

Tr .Scuffing 

Tr .Scuffing 

N.D. 

Tr. Scuffing 

Previous  Work  Reruns 
Grade  30  Crada  30 


C-3  Seal  Compatibility  Teat  (DM) 
Total  Iamerslon 


Volume  Change 

40.20 

40.08 

N.D. 

41.41 

Hardness  Change 

44 

43 

N.D. 

41 

Dip  Cycle 

Volume  Change 

43.66 

43.46 

N.D. 

45.05 

Hardness  Change 

42 

43 

N.D. 

-2 

Tip  Cycle 

Volume  Change 

43.53 

42.76 

N.D. 

43.93 

Hardness  Change 

-3 

-3 

N.D. 

-3 

Vickers  Vane  Punp  Wear  (ASTM  D  2882) 


Ring  wt.  loss,  ag. 

18.7 

lt.O 

N.D 

N.D. 

Vanes  wt .  loss,  ag. 

3.0 

1.8 

N.D 

N.D. 

Total  (100-hr  Ford  M2C143-A, 

50  ag.  aax. 

21.7 

12.8 

N.D. 

N.D. 

Dynaaic  Corrosion  (Sundstrand  Axial 
Piston  Water  Contaainatlon) 


Flow  Degradation,  10X  aax. 

0.7 

-2.2 

N.D. 

N.D. 

Puap  Parts  Condition,  Cood  aln. 

Cood 

Good 

N.D. 

N.D. 

* 

Vise.  8  25  hr/225  hr.  100*F 

84.26/70.20 

89.66/75.10  N.D. 

N.D. 

Vise.  8  25  hr/225  hr.  210*F 

10.49/9.01 

11.20/9.57 

N.D. 

N.D. 

H.O  8  26  hr ./225  hr. 

1.10/0.38 

0.66/0.16 

N.D. 

N.D. 

Acid  No.  8  26  hr./225  hr. 

Wear  Metals,  ppm 

3.45/2.30 

2.68/2.47 

N.D. 

N.D. 

Fe  8  25  hr./225  hr. 

3/4 

3/5 

N.D. 

N.D. 

4 

Cu  8  25  hr./225  hr. 

4/11 

4/14 

N.D. 

N.D. 

Cr  8  25  hr ./225  hr. 

4/4 

1/1 

N.D. 

N.D. 

Pb  8  25  hr ./225  hr. 

1/2 

2/2 

N.D. 

N.D. 

g.  Wet-Brake  Chatter  In  Mas say- Ferguson 
Model  1135  Tractor 

Avg.  of  Reference  Runs,  aa 
Min.  Old  3.2  New  3.0 

Max.  Old  11.3  New  14.0 

Avg.  Old  5.8  New  6.4 

h.  Water  Senaltlvlty  (JDH-J20A) 

Sedlaent,  volt,  0.1  aax. 

Additive  Loss,  15X  aax. 


<0.01  Emil.  N.D. 


itet-Brake  Chatter  and  Hydraulic 
Perforaance  In  JD-410  Tractor 


Wet-Brake  Chatter,  darlvad  from  volts 

101 

100 

N.D. 

N.D. 

Pressure  Control  Valve,  Good  aln. 

Good 

Good 

N.D. 

N.D. 

Front  Bucket  Dump  8  1500  r pa ,  sac. 

2.6 

2.9 

N.D. 

N.D. 

Backhoa  Bucket  Retract  8  1500  rpa,  sac. 

2.9 

3.6 

N.D. 

N.D. 

Panic  Brake  Lock-Op,  Good  aln. 

GOod 

Good 

N.D. 

N.D. 

Copper  Corrosion  (ASTM  D  130) 

2c/3a 

lb 

N.D. 

N.D. 

Sonic  Sheared  Viscosity  (A8TM  D  2603) 

New  Oil,  cSt  9.1  aln. 

12.65 

11.40 

N.D. 

N.D. 

Vise.  Loss  aftar  Sonic  Shear,  cSt  7.1  aln. 

10.66 

9.83 

N.D. 

N.D. 

X  change,  22  aax. 

15.73 

13.77 

N.D. 

N.D. 

Vlton  Compatibility  Test  (CAT) 

CAT-4569  -11.00 

-10.00 

-40.50 

N.D. 

N.D. 
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DEPARTMENT  OF  DEFENSE 

DEFENSE  DOCUMENTATION  CTR 
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DEPT.  OF  DEFENSE 

ATTN:  DASD-LMM  (MR  DYCKMAN)  1 
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DEFENSE  FUEL  SUPPLY  CTR 
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CAMERON  STA 
ALEXANDRIA  VA  22314 

COMMANDER 

DEFENSE  GENERAL  SUPPLY  CTR 
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DEFENSE  ADVANCED  RES  PROJ  AGENCY 
DEFENSE  SCIENCES  OFC  1 

1400  WILSON  BLVD 
ARLINGTON  VA  22209 

DEPARTMENT  OF  THE  ARMY 


No.  Cop 

CDR 

US  ARMY  TANK-AUTOMOTIVE  CMD 


ATTN:  DRSTA-GSPE  1 

DRSTA-RG  1 

DRSTA-NS  I 

DRSTA-G  1 

DRSTA-M  1 


DRSTA-GBP  (MR  MCCARTNEY)  1 
WARREN  MI  48090 


DIRECTOR 

US  ARMY  MATERIEL  SYSTEMS 
ANALYSIS  AGENCY 
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DRXSY-L  1 
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HQ,  172D  INFANTRY  BRIGADE  (ALASKA) 
ATTN:  AFZT-DI-L  1 

AFZT-DI-M  1 

DIRECTORATE  OF  INDUSTRIAL 
OPERATIONS 

FT  RICHARDSON  AK  99505 


CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 


HG,  DEPT  OF  ARMY 

ATTN:  DALO-TSE  (COL  NAJERA)  1 

DALO-SMZ-E  1 

DAMA-CSS-P  (DR  BRYANT)  1 

DAMA-ARZ-E  (DR  CHURCH)  1 

WASHINGTON  DC  20310 


10 

2 


CDR 

US  ARMY  MATERIEL  DEVEL  6. 

READINESS  COMMAND 
ATTN:  DRCLD  (DR  BENDER)  1 

DRCDMR  (MR  GREINER)  1 

DRCMD-ST  (DR  HALEY)  1 

DRCQA-E  1 

DRCDE-SS  1 

DRCSM-WCS  1 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333 


ATTN:  STSGP-F  1 

STSGP-PE  (MR  MCKNIGHT), 

BLDG  85-3  1 

STSGP  (COL  CLIFTON)  1 

NEW  CUMBERLAND  ARMY  DEPOT 
NEW  CUMBERLAND  PA  17070 

CDR 

US  ARMY  MATERIEL  ARMAMEMT 
READINESS  CMD 

ATTN:  DRSAR-LEM  1 

ROCK  ISLAND  ARSENAL  IL  61299 

CDR 

US  ARMY  COLD  REGION  TEST  CENTER 
ATTN:  STECR-TA  1 

APO  SEATTLE  98733 

HQ,  DEPT.  OF  ARMY 

ATTN:  DAEN-DRM  1 

WASHINGTON  DC  20310 
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CDR 

U.S.  ARMY  BELVOIR  RESEARCH  AND 
DEVELOPMENT  CENTER 
ATTN:  STRBE-VF 
STRBE-G 

FORT  BELVOIR  VA  22060 


No.  Copies 

CDR 

US  ARMY  RES  &  STDZN  GROUP 
(EUROPE) 

ATTN:  DRXSN-UK-RA  x 

BOX  65 

FPO  NEW  YORK  09510 
CDR 

US  ARMY  FORCES  COMMAND 
ATTN:  AFLG-REG  1 

AFLG-POP  1 

FORT  MCPHERSON  GA  30330 

CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATTN:  STEYP-MT  (MR  DOEBBLER)  1 

YUMA  AZ  85364 

PROJ  MGR,  FIGHTING  VEHICLE  SYS 
ATTN:  DRCPM-FVS-SE  1 

WARREN  MI  48090 

PROG  MGR,  M113/M113A1  FAMILY 
VEHICLES 

ATTN:  DRCPM-M1I3  1 

WARREN  MI  48090 

PROJ  MGR,  MOBILE  ELECTRIC  POWER 
ATTN:  DRCPM-MEP-TM  1 

7500  BACKLICK  ROAD 
SPRINGFIELD  VA  22150 

PROJ  MGR,  IMPROVED  TOW  VEHICLE 
US  ARMY  TANK-AUTOMOTIVE  CMD 
ATTN:  DRCPM-ITV-T  1 

WARREN  MI  48090 

CDR 

US  ARMY  EUROPE  &  SEVENTH  ARMY 
ATTN:  AEAGC-FMD  1 

AEAGD-TE  1 

APO  NY  09403 

CDR 

THEATER  ARMY  MATERIAL  MGMT 
CENTER  (200TH) 

DIRECTORATE  FOR  PETROL  MGMT 
ATTN:  AEAGD-MMC-PT-Q  1 

ZWEtBRUCKEN 
APO  NY  09052 


No.  Copies 

CDR 

US  ARMY  RESEARCH  OFC 
ATTN:  DRXRO-ZC  1 

DRXRO-EG  (DR  MANN)  1 

P  0  BOX  12211 

RSCH  TRIANGLE  PARK  NC  27709 
CDR 

TOBYRANNA  ARMY  DEPOT 

ATTN:  SDSTO-TP-S  1 

TOBYHANNA  PA  18466 

CDR 

US  ARMY  DEPOT  SYSTEMS  CMD 

ATTN:  DRSDS  1 

CHAMBERSBURG  PA  17201 

CDR 

US  ARMY  WATERVLIET  ARSENAL 
ATTN:  SARWY-RDD  1 

WATERVLIET  NY  12189 

CDR 

US  ARMY  LEA 

ATTN:  DALO-LEP  1 

NEW  CUMBERLAND  ARMY  DEPOT 
NEW  CUMBERLAND  PA  17070 

CDR 

US  ARMY  GENERAL  MATERIAL  & 

PETROLEUM  ACTIVITY 
ATTN:  STSGP-PW  (MR  PRICE)  1 

BLDG  247,  DEFENSE  DEPOT  TRACY 
TRACY  CA  95376 

CDR 

US  ARMY  FOREIGN  SCIENCE  &  TECH 
CENTER 

ATTN:  DRXST-MT1  1 

FEDERAL  BLDG 

CHARLOTTESVILLE  VA  22901 
CDR 

DARCOM  MATERIEL  READINESS 
SUPPORT  ACTIVITY  (MRSA) 

ATTN:  DRXMD-MD  1 

LEXINGTON  KY  40511 

HQ,  US  ARMY  T&E  COMMAND 

ATTN:  DRSTE-TO-O  1 

ABERDEEN  PROVING  GROUND  MD  21005 
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No.  Copies 

HQ,  US  ARMY  TROOP  SUPPORT 
COMMAND 

ATTN:  DRSTS-MEG  (2)  1 

DRSTS-PDE  (LTC  FOSTER)  1 

4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120 

DEPARTMENT  OF  THE  ARMY 
CONSTRUCTION  ENG  RSCH  LAB 
ATTN:  CERL-EM  1 

P  0  BOX  4005 
CHAMPAIGN  IL  61820 

HQ 

US  ARMY  TRAINING  &  DOCTRINE  CMD 


ATTN:  ATCD-S  (LTC  LESKO)  1 

FORT  MONROE  VA  23651 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATTN:  ATSP-CD-MS  1 

FORT  EIJSTIS  VA  23604 

CDR 

US  ARMY  QUARTERMASTER  SCHOOL 
ATTN:  ATSM-CD  1 

ATSM-CDM  1 

ATSM-TNG-PT  1 

FORT  LEE  VA  23801 


CDR 

US  ARMY  LOGISTICS  CTR 

ATTN:  ATCL-MS  (MR  A  MARSHALL)  1 

FORT  LEE  VA  23801 

CDR 

US  ARMY  FIELD  ARTILLERY  SCHOOL 
ATTN:  ATSF-CD  1 

FORT  SILL  OK  73503 

CDR 

US  ARMY  ORDNANCE  CTR  &  SCHOOL 
ATTN:  ATSL-CTD-MS  1 

ABERDEEN  PROVING  GROUND  MD  21005 

CDR 

US  ARMY  ENGINEER  SCHOOL 

ATTN:  ATSE-CDM  1 

FORT  BELVOIR  VA  22060 

CDR 

US  ARMY  INFANTRY  SCHOOL 

ATTN:  ATSH-CD-MS-M  1 

FORT  BENNING  GA  31905 


PROJ  MGR  M60  TANK  DEVELOP. 

ATTN:  DRCPM-M60-E  1 

WARREN  MI  48090 

CHIEF,  U.S.  ARMY  LOGISTICS 
ASSISTANCE  OFFICE,  FORSCOM 
ATTN:  DRXLA-FO  (MR  PITTMAN)  1 

FT  MCPHERSON  GA  30330 

DEPARTMENT  OF  THE  NAVY 

CDR 

NAVAL  SEA  SYSTEMS  CMD 

ATTN:  CODE  05M4  (MR  R  LAYNE)  1 

WASHINGTON  DC  20362 

CDR 

DAVID  TAYLOR  NAVAL  SHIP  R&D  CTR 
ATTN:  CODE  2830  (MR  G  BOSMAJIAN)  1 

CODE  2705.1  (MR  STRUCKO)  1 

CODE  2831  1 

ANNAPOLIS  MD  21402 

JOINT  OIL  ANALYSIS  PROGRAM  - 

TECHNICAL  SUPPORT  CTR  1 

BLDG  780 

NAVAL  AIR  STATION 
PENSACOLA  FL  32508 

CDR 

NAVAL  RESEARCH  LABORATORY 

ATTN:  CODE  6170  1 

WASHINGTON  DC  20375 

CDR 

NAVAL  FACILITIES  ENGR  CTR 
ATTN:  CODE  120  (MR  R  BURRIS)  1 

200  STOVWALL  ST 
ALEXANDRIA  VA  22322 

CHIEF  OF  NAVAL  RESEARCH 

ATTN:  CODE  473  1 

ARLINGTON  VA  22217 

CDR 

NAVAL  AIR  ENGR  CENTER 

ATTN:  CODE  92727  1 

LAKEHURST  NJ  08733 

COMMANDING  GENERAL 
US  MARINE  CORPS  DEVELOPMENT 
&  EDUCATION  COMMAND 
ATTN:  D074  1 

QUANTICO  VA  22134 


1/84 

AFLRL  No.  170 
Page  3  of  5 


No.  Copies 

CDR,  NAVAL  MATERIEL  COMMAND 
ATTN:  MAT-0 8E  (DR  A  ROBERTS)  1 

MAT-C8E  (MR  ZIEM)  1 

CP6,  RM  606 
WASHINGTON  DC  20360 

CDR 

NAVY  PETROLEUM  OFC 

ATTN:  CODE  40  I 

CAMERON  STATION 

ALEXANDRIA  VA  22314 

CDR 

MARINE  CORPS  LOGISTICS  SUPPORT 
BASE  ATLANTIC 

ATTN:  CODE  P841  1 

ALBANY  GA  31704 

DEPARTMENT  OF  THE  AIR  FORCE 

HQ,  USAF 

ATTN:  LEYSF  1 

WASHINGTON  DC  20330 


No  Copies 

OTHER  GOVERNMENT  AGENCIES 

NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 
LEWIS  RESEARCH  CENTER 
MAIL  STOP  5420 

(ATTN:  MR.  GROBMAN)  1 

CLEVELAND  OR  44135 

NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 
VEHICLE  SYSTEMS  AND  ALTERNATE 
FUELS  PROJECT  OFFICE 
ATTN:  MR  CLARK  1 

LEWIS  RESEARCH  CENTER 
CLEVELAND  OH  44135 

US  DEPARTMENT  OF  ENERGY 
CE-1312,  GB-096 

ATTN:  MR  ECKLUND  1 

FORRESTAL  BLDG. 

1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 


HQ  AIR  FORCE  SYSTEMS  CMD 

ATTN:  AFSC/DLF  1 

ANDREWS  AFB  MD  20334 

CDR 

US  AIR  FORCE  WRIGHT  AERONAUTICAL 
LAB 

ATTN:  AFWAL/POSL  (MR  JONES)  1 

AFWAL/MLSE  (MR  MORRIS)  1 

WRIGHT-PATTERSON  AFB  OH  45433 

CDR 

SAN  ANTONIO  AIR  LOGISTICS 
CTR 

ATTN:  SAALC/SFQ  (MR  MAKRIS)  1 

SAALC/MMPRR  1 

KELLY  AIR  FORCE  BASE  TX  78241 

CDR 

WARNER  ROBINS  AIR  LOGISTIC 
CTR 

ATTN  WR-ALC /MMIRAB- 1  (MR  GRAHAM)  1 
ROBINS  AFB  GA  31098 


DIRECTOR 

NATL  MAINTENANCE  TECH  SUPPORT 
CTR  2 

US  POSTAL  SERVICE 
NORMAN  OK  73069 

SCIENCE  &  TECH  INFO  FACILITY 
ATTN:  NASA  REP  (SAK/DL)  1 

P  0  BOX  8757 
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MR  R  E  TEASLEY,  JR  1 

CITIES  SERVICES  COMPANY 
PO  BOX  3908 
TULSA  OK  74102 

DR  L  A  SCHAAP  1 

AMOCO  OIL  COMPANY 

RESEARCH  AND  DEVELOPMENT  DEPARTMENT 
PO  BOX  400 
NAPERVILLE  IL  60566 
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MR  F  E  SCYPINSKI 

GULF  RESEARCH  AND  DEVELOPMENT  COMPANY 
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